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Seasonal dynamics of the resistance to organophosphorus insecticides

and its biochemical mechanism in Plutella xylostella (L. )

WU Gang', JIANG Shu-Ren® (1. Department of Plant Protection, Fujian Agriculture and Forestry Universitys Fuzhou 350002,
Chinas 2. Department of Applied Chemisiry. China Agricultural University, Beijing 100094, China). Acta Ecologica Sinica2004,24(4) :706~
710.

Abstract: The resistance to methamidophos and dichlorvos in the field populations of Plutella xylostella (Lepidoptera:
Yponomeutidae ), collected from Fuzhou., Fujian, China from October 1998 to January 2003, was determined using a leaf-
dipping method with 3rd instar larvae. P. xylostella’s resistance to insecticides, methamidophos and dichlorvos, was
significantly higher in autumn and spring than in summer. Apparently, seasonal variations of the insecticide resistance existed
in the field population of Plutella xylostella. Therefore, the effects of temperature on the activities of acetylcholinesterase
(AChE), carboxyesterase (CarE) and glutathione-S-transferase (GST), and the bimolecular rate constant (Ki) of AChE in
the larvae of P. xylostella were investigated.

The AChE activity was determined with acethythiochloine (ATCh) iodide as a substrate in the presence of 5,5 -dithiobis
(2-nitrobenzoic acid) (DTNB) in the pH 7. 8 phosphate buffer at 25 C. The CarE activity was measured with 1-naphthyl
acetate (a-NA) as a substrate in the pH 7. 8 phosphate buffer containing eserine at 37 C. The GST activity was measured with
1-chloro-2,4-dinitrobenzene (CDNB) as a substrate in the pH 7. 4 phosphate buffer at 25 C. To determine the K: of AChE,
AChE solutions were mixed with insecticides and incubated at various constant temperatures in a water bath. At different time
periods, the incubated solutions were sampled for residual enzymatic activities in an ATCh solution. All experiments were
carried out in triplicate, in the presence or absence of the insecticides.

In order to study the temperature effects of AChE, CarE and GST on the enzymatic activities, P. xylostella larvae were
reared in an environmental chamber at 35 C and 25 C for 2 days, and at 5 C for 4 and 30 days. Then, the 4th instar larva

was used for the determination of AChE, CarE and GST activities. The biochemical analysis for the larvae with the different
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rearing temperatures was conducted simultaneously. In comparison with the larvae reared at 25 C for 2 days, the activities of
CarE and GST were significantly inhibited when reared at 35 C for 2 days or 5 C for 30 days. The AChE activity was also
considerably inhibited when reared at 35 C for 2 days. There was no apparent activity inhibition on the three enzymes observed
when the P. aylostella larvae were reared at 5 C for 4 days.

P. xylostella larvae were also reared in an environmental chamber at 35 C and 25 C for 2 days and 5 C for 30 days to
study the rearing temperature on the K7 value of AChE. The 4th instar larva was subsequently used for the Ki determination.
The enzyme and insecticide mixtures were incubated at 25 C. No significant effect on the Ki of AChE to the methamidophos
and carbofuran in P. axylostella larvae was found.

Under the constant 25 C rearing temperature, the incubating temperature was found to significantly affect the Ki of
AChE of P. xylostella larvae to the insecticides. The Ki values to methamidophos, dichlorvos and carbofuran at 37 C were 1.
33, 1. 60 and 1. 75 times higher than those incubated at 25 C . respectively.

The results suggested that the environmental temperature could affect the detoxifying metabolism and the inhibition of
AChE in P. xylostella. The effects of the seasonal variation of temperature on the resistance to organophosphates and its
toxicological mechanism in P. xylostella were discussed.

Key words: Plutella xylostella; organophosphates resistance; environmental temperature; acetylcholinesterase sensitivity;
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Table 1 Seasonal dynamics of insecticide resistance in the field populations of P. xylostella larvae during from 1998 to 2003 in Fuzhou
, Methamidophos Dichlorvos
Year-Month LC50(95%CL) mg/L Slope +SE LC50(95%CL) mg/L Slope +SE
1998-10 3154(2883~3450) 2.22+0.35 1470(1237~747) 2.3340.42
1998-11 2750(2479~3050) 2.234+0.26 1023(835~1253) 2.15+0.49
1999-07 471(415~535) 2.724+0.49 310(237~404) 1.524+0.11
1999-10 2121(1781~2527) 2.60+0.24 1864(1444~2407) 1.65+0.31
1999-12 2038(1859~2235) 2.7840.32 1623(1378~1911) 2.7240. 31
2000-04 1327(1156~1525) 2.15+0.56 1307(1082~1578) 2.29+0. 60
2000-07 542(492~597) 3.2840.20 346(279~430) 1.94+0. 27
2000-11 1758(1491~2070) 1.62+0.37 1086(867~1361) 1.88+0. 26
2001-04 1619C1477~1776) 2.53+0.73 801(735~873) 2.68+0.47
2001-07 782(730~838) 2.634+0. 20 265(219~320) 2.3140.45
2001-11 1258(1175~1345) 2.2940.14 773(625~955) 2.01£0.47
2002-04 1780(1460~~2170) 2.3340. 40 912(692~1202) 1.4440.16
2002-07 703(584~846) 3.0840. 38 372(295~468) 1.7540. 22
2002-11 1613(1379~1885) 2.9340. 30 1008(801~1269) 1.7740.10
2003-01 1495(1218~1839) 2.36+0.39 977(760~1258) 1.624+0.15
2.2 AChE .CarE GST
25C 2d s (35C.2d) (5 C.30d) CarE
GST s (35 C.2d) AChE s (5 C.4d) AChE,
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Table 2 Comparison of the activities of acetylcholinesterase (AChE). carboxylesterase (CarE) and glutathione-S-transferase (GST) in P.

xylostella larvae reared at the different temperatures

AChE (n mol * mg~! « min™ 1) CarE (n mol * mg~ ! *» min™ 1) GST (nmol * mg ! » min~!)
Raising-temperatur +SE +SE +SE

Activity = SE Ratio Activity £ SE Ratio Activity +=SE Ratio

35C 2d 3.62+0.02 b 0.71 107.5849.27 b 0.72 85.56+7.78 b 0.77
25C 2d 5.1140.48 a 1. 00 149.32416.28 a 1.00 111.9145.19 a 1. 00

5C 4d 4.8940.30 a 0. 96 121.34411.51 ab 0.81 110.34412.29 a 0. 99

5C 30d 3.83+0.79 a 0.75 49.4842.97 ¢ 0. 33 76.94+4.28 b 0. 69

* 35C.25C.5C 5¢C 2d.2d.4d 30d . 4 . 3

P. xylostella larvae were reared in an environmental chamber at 35, 25, 5 and 5 C for 2, 2, 4 and 30
days, respectively, and then 4th instar larvae were used to determine the activity of AChE, CarE and GST; The biochemical analysis for the

larvae with the different rearing temperatures was conducted simultaneously

3 AChE Ki

Table 3 Comparison of Ki of AChE in P. xylostella larvae reared at the different rearing temperatures

Methamidophos Carbofuran
Raising-temperatur Ki+SE (mol/L.) !« min—! Ratio Ki+SE (mol/L) !+ min ! Ratio
35C 2d (2.2040.29) X 10%a 1.08 (1.35+0.08) X 10'a 1.07
25C 2d (2.03+0.25)%X10%a 1. 00 (1.2640.07) X 10" a 1. 00
5C 30d (2.07+0.12)X10%a 1. 00 (1.1940.13) X 10" a 0.95
* 35 C.25 C 5 C 2d.2d 30d, 4 25C AChE Ki ;3
AChE Ki P. xylostella larvae were reared in an environmental chamber at 35, 25 and 5 C for 2, 2 and 30

days, respectively, and then 4th instar larvae were used to determine the Ki of AChE; The incubating temperatures of AChE and insecticides
were 25 C. The biochemical analysis based on the effects of different rearing temperatures on Ki of AChE were conducted simultaneously
4 3 AChE Ki [(mol/L) !+« min 1]

Table 4 Comparison of Ki[(mol/LL)~! « min~'] of AChE to dichlorvos. methamidophos and carbofuran at the different incubating

temperatures in P. xylostella larvae collected from the field in Fuzhou

(o) Dichlorvos Methamidophos Carbofuran
Incubating temperatur Ki+SE Ratio Ki+SE Ratio Ki+SE Ratio
37 (8.6940.60) X 10°b 1. 60 (3.0140.21)x10%b 1.33 (3.2240.21)X10*b 1.75
25 (5.4540.19) X10% 1. 00 (2.2640.16)x10%a 1. 00 (1.8440.09) X 10*a 1. 00
5 (4.5940.13) X 10% 0. 84 (1.794-0.07) X 10% a 0.79 (1.4540.33) X 10" a 0. 80
* 25 C s 4 AChE Ki 37C.25 C 5 C

P. xylostella larvae were reared in an environmental chamber at 25 C, and then 4th instar larvae were used to determine the Ki of AChE; The

incubating temperatures of AChE and insecticides were 37 C, 25C and 5 C ., respectively

AChE (Ki) ,
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